A Gate Arrangement 


The present invention relates to gate arrangements and 
more particularly to gate arrangements used in coolant air 5 
passages of jet engines or similar machines. 

There is a requirement in a number of machines to 
provide cooling in order to retain the machine within 
acceptable operating temperatures. Typically, air or a 
liquid coolant is used to effectively transport heat 
energy 

from a hot region and allow it to be conveniently dispersed. 
Clearly, the rates of coolant flow and interface with the 
machine are highly determinant of the effectiveness of a 
coolant . 

Fig. 1 in the attached drawings shows a turbine blade 
1 typical of those used in a jet engine. High pressure 
cooling air passes through the turbine blade 1 in the 
direction of arrowheads A whilst low pressure cooling air 
passes through the blade 1 in the direction of arrowheads 
B. In any event, the air flows in the turbine blade 1 
essentially carry heat energy from that blade 1 for 
appropriate dispersion. Normally, the high pressure air flow 
in accordance with arrowheads A is towards the leading edge 
of the blade 1 where there will be most heating of the blade 
1. 

It will be appreciated that a higher level of cooling 
for the blade 1 is required at certain stages of engine 
activity, for example take off, in comparison with normal 
operation, for example cruising at altitude. In such 

circumstances, provision of air coolant through the hi: ads 1 

in a permanently open flow matrix 2 results in the engine not 
necessarily being operated at its optimum efficiency. It 
will be noted that the engine may be designed to vary the 
rate of air flow through the matrix 2, but this will 
generally be related to engine speed rather than desired 

cooling for engine activity. 

In accordance with the present invention there is 


2 

provided a gate arrangement for air coolant flow, the gate 
arrangement comprising a gate component which defines a 
passage with an opening and a gate member, the gate 
component and the gate member having respectively different 
5 thermal coefficients of expansion in order that the gate 
member selectively opens or closes the opening dependent 
upon temperature . 

Preferably, the gate member has a lower coefficient of 
expansion than the gate component and closes the opening 
10 below a specified temperature. Typically, the gate is 
integral with or configured for thermal coupling with a 
machine, such as a jet engine, which includes a coolant 
airflow path to regulate airflow dependent upon temperature 
of that machine. 

15 Preferably, the gate member is mounted axially 

opposite the opening of the gate component. Alternatively, 
the gate member is mounted angularly to accentuate expansion 
towards the opening of the gate component. Typically, the 
gate member is adjustable relative to the 

20 opening of the gate component. Possibly, the gate member is 
mounted upon a screwthread to allow controlled adjustment by 
displacement and/or resistance torque due to compression 
engagement of the gate member- towards the opening of the 
gate component . 

25 Preferably, the gate member has a shaped end for 

engagement with the opening of the gate component. 
Typically, the shaped end will be barrelled or tapered to 
facilitate engagement with the opening. Possibly, the 
opening will be reciprocally shaped for consistency with 

30 the shaped end. Additionally, the gate member and the opening 
are respectively shaped to provide a labyrinthine 
association between them. 

Possibly, the gate member combines two or more 
different materials with different rates of thermal 
expansion to alternately open and close the opening of the 
gate component with time at selected temperature ranges. 
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Possibly, the gate member and/or the gate component include 
guide means to facilitate engagement between the gate member 
and the opening. Normally, the gate member will be hollow to 
limit its weight. 
5 Possibly, the gate member has an engagement surface 
compliant with the opening. 

Possibly, the gate member expands axially and/or 
radially in order to selectively open or close the opening 
of the gate component. The gate member may be shaped Or 
10 include different materials in order to facilitate selective 
closing of respectively different openings of a gate 
component . 

Also in accordance with the present invention there is 
provided an engine incorporating a gate arrangement as 15 
described above. 

An embodiment of the present invention will now 
described by way of example and reference to Fiq. 2 of the 
drawings in which a schematic cross - sec t ion of a gate 
arrangement is depicted. 
2 0 In a turbine and in particular, a turbine blade, high 

thermal efficiency is dependent upon high turbine entry 
temperature which in turn is limited by the turbine blade 
material. Continuous cooling of these components allows 

their environmental operating temperature to exceed the 
25 materials melting point without affecting the blade 
integrity. However, as indicated with prior art cooling 
arrangements there can be a detrimental factor with regard to 
continuous cooling which affects overall thermal 
efficiency. Typically, the cooling arrangement is rated 

30 dependent upon the expected highest temperatures to be 
experienced by the turbine blade, but these temperatures 
may be transient such that there is over cooling for 
substantial periods of engine operation. 

Fig. 2 illustrates in a schematic cross-section a gate 
35 arrangement 11 in accordance with the present invention. 
The arrangement 11 comprises a gate component 12 and a gate 
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member 14. The gate component 12 defines a passage 15 
through which coolant air can pass in the direction from 
arrowheads 16 through an internal bore 17 of the component 
12 and out through an outlet 18 in the direction of 
5 arrowhead 19. The gate member 14 is mounted at one end 20 
in order to present a distal end 21 of the member 14 to an 
opening end 15 of the gate component 12. 

The gate arrangement 11 is located in a coolant air 
flow passage of an engine or machine such as the high 

10 pressure passages in the matrix 2 defined in the turbine 
blade 1 depicted in Fig. 1- The gate arrangement 11 le in 
good thermal connection with the turbine blade such that as 
the blade is heated by combustion gases the gate 
arrangement 11 is also warmed. Alternatively, the 

15 component 12 could be an integrally formed part of the 
blade . 

The gate component 12 and the gate member 14 are made 
from materials which have significantly different 
coefficients of thermal expansion in this context of the 

20 present invention. Thus, as the gate arrangement 1 is warmed 
the gate component 12 and the gate member 14 will expand or 
alter their dimensions by differing amounts and at differing 
rates. In such circumstances, the opening end 15 of the gate 
component 12 is selectively opened and 

25 closed by the gate member 14 in order to allow coolant air 
to flow as described previously in the direction of 
arrowheads. 16, 19 and through bore 17. In a jet engine, 
typically, there will be engine cycles or operational stages 
where the combustor significantly heats the turbine 

30 blades whilst at other times during normal operation there 
is less heating of the blades. An example of a stage at 
which the engine will be at high temperature is take off. In 
such circumstances, in accordance with the present invention 
the turbine blade and therefore the gate 

35 arrangement 11 will be heated. This heating of the gate 
arrangement 11 will cause thermal expansion of the gate 
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component 12 and also the gate member 14. Thus, if the gate 
member 14 has a significantly different coefficient of 
thermal expansion lower than that of the gate component 12 
then the passage 15 will open to allow coolant air flow in 
5 order to cool the associated turbine blade. It will also 
be appreciated that the gate member la a s a centrally 
located component will also through a thermal gradient from 
the exterior of the gate arrangement and, when opened, 
through coolant airflow adjacent to the gate member 14, be 
10 subject to a degree of thermal lag relative to the gate 
component 12 and its associated turbine blade. 

The degree of differential between the coefficients of 
thermal expansion for the gate component 12 and the gate 
member 14 can be quite small and modest as there is a 
15 multiplication factor dependent upon the cross-sectional 
area of the opening 15. Thus, a displacement differential 
due to the different coefficients of thermal expansion 
between the component 12 and the member 14 in the order of 
1mm may be sufficient to open the gate arrangement 11 in 
20 order to allow adequate airflow for cooling. It will also be 
appreciated that coolant air flow will also be forced. 

Typically, as illustrated in Fig. 2 the gate member 14 
will be held in a cantilever configuration with the gate 
member 14 secured at a mounted end 20 through a screwthread 
25 whilst a distal sealing end 21 is adjacent the open end 15 
of the gate component 12. When cold, the gate member 14 
through its distal end 21 will be in compressive engagement 
about the opening end 15 in order to seal and prevent 
coolant airflow. The degree of compression presented by 

3 0 the gate member 14 is essentially set by the resistive torque 
applied for displacement at the mounting end 20. 
Furthermore, this degree of compression of the gate member 
14 into the opening end 15 of the gate component 12 
effectively presents a displacement bias such that the gate 
35 member 14 to gate component 12 thermal expansion differential 
must overcome this displacement bias before 
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there is sufficient differential to open the open end 15 to 
allow coolant airflow. 

Typically, the gate arrangement 11 will be used with a 
jet engine incorporated in an aircraft. Thus, component 

5 weight considerations apply and the gate member 14 in 
particular will normally be hollow in order to reduce its 
mass contribution to the overall weight of the arrangement 
11. Generally, the distal sealing end 21 of the gate member 
14 will be solid in order to provide a full cross- 

10 section seal to the opening and 15 of the component 12. 
However, provided there is sufficient overlap between the end 
edges of the gate member 14 in abutment with the shoulder 
portions of the opening ends 15 then the gate member 14 may 
be a tube with a hollow centre for its whole 

15 length. Alternatively, the hollow core of a gate member 14 
may be filled with a light weight foam or other material such 
as a refractory composition. 

Essentially in an ideal situation the gate arrangement 
should only open when there is sufficiently high 

20 temperature presented for a predetermined time period. The 
present gate arrangement 11 utilises differentials in the 
thermal coefficient of expansion between at least the gate 
component 12 and the gate member 14. However, it will also be 
appreciated that refinements to the present gate 

25 arrangement could include utilisation of differential rates 
of thermal expansion as opposed to simply coefficients of 
thermal expansion in order that the open end 12 is opened for 
a predictable period of time during which the expansion of 
the gate member 14 "catches up" with that of the gate 

3 0 component 12 in order to again close the open end 15 in order 
to prevent coolant airflow. In such circumstances, two or 
more sets of gate arrangements in accordance with the present 
invention may be provided to open respective coolant airflow 
paths over a timed sequence relative to 

3 5 temperature ranges in order to further enhance turbine 

blade cooling performance and therefore efficiency of an 
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engine incorporating those turbine blades. Initially, 
relatively narrow coolant air paths may be opened by one set 
of gate arrangements whilst if the temperature is sustained 
wider or more coolant airflow paths will be 
5 opened by a second set of gate arrangements. Relative 
contraction of the gate member in comparison with the gate 
component in the second set of gate arrangements being set 
such that if sustained for a period of time a warning 7.s 
provided as to the over heating of the associated turbine 
10 blade whilst retaining its operability until 
service/maintenance is available. 

As an alternative to axial relative displacement 
between the gate member 14 and the gate component 12 it will 
be appreciated that radial divergence between the gate 
15 member and radial opening ends for coolant airflow could be 
provided. Thus, for example, a gate member could be 
super cooled in order to provide for contraction of that 
rrat-a mpmhftr such that it could be inserted in a passage 

^ w ~ - 

including radial openings (notionally shown as broken lines 

20 in Figure 2) such that as the super cooled gate member 
expands as it returns to ambient temperature there is a 
compression of that gate member into the radial opening 
ends which provides the divergence or displacement bias 
which must be overcome due to the relative differentials in 

25 coefficient and/or rate of thermal expansion as the gate 
arrangement increases in temperature during operation. 

As indicated previously, where the gate member 14 is 
mounted through a screwthread at a mounting end 20, the gate 
member 14 is adjustable in terms of the necessary time 

30 scale and temperature range at which the opening 15 will open 
in order to allow coolant airflow. Furthermore, the distal 
sealing end 21 of the gate member 14 will typically be 
shaped in order to provide more selective control as to when 
the gate member 14 opens and/or closes the opening 15 

35 of the gate component. Thus, for example, the distal 

sealing end 21 may have a barrel or tapered cross-section 
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in order to provide a greater increase in available cress- 
section for coolant airflow for relative divergence of the 
gate member 14 from the opening 15 in comparison with a flat 
overlap relationship where the cross-section is 

5 essentially that determined by the gap between the distal 
sealing end 21 and the edge of the opening end 15. Clearly, 
the opening end 15 itself may be reciprocally shaped for 
consistency with the shaping of the distal sealing end 21 of 
the gate member 14. In such 

10 circumstances, by the associate shaping of the distal sealing 
end 21 and the opening end 15 of the gate component 12 there 
can be a rapid fall away from the abutment positions in 
relation to divergence of the opening end 15 and the distal 
sealing end 21 of the gate member 14 to 

15 disproportionately increase the available cross-section 
through which coolant air can flow. 

Where appropriate the gate member may comprise two or 
more different materials with respectively different 
coefficients and/or rates of thermal expansion. These two 

20 or more different materials could be arranged in series. For 
example, in the axial embodiment depicted in Fig. 2 
respective segments of each of the materials could be secured 
in alignment such that through temperature increase different 
rates of divergence from the surrounding gate 

2 5 component may be achieved dependent upon temperature in terms 
of actual temperature and rapidity of rising temperature 
along with time periods at particular temperature ranges 
such that selective opening and/or closing of the opening 
end can be achieved dependent upon 

30 desired coolant airflow for efficiency. Alternatively, within 
the limits of elasticity, respective concentric sleeving of 
different materials could be provided such that there is 
radial divergence/expansion into engagement with radially 
opening ends presented in the gate component_ 
35 it will be appreciated that coolant airflow rates and 

speeds will be high. Thus, in order to prevent oscillation 


9 

particularly in a cantilever presented gate member and in 
order to appropriately present the gate member through its 
distal sealing end 21 such that a stabilising guide may be 
provided. This may comprise a substantially stable decent 
5 or detente balanced across the gate member in respective 
channels in order to guide at least the distal sealing 
sealing end 21 towards the opening end 15 of the gate 
component 12. Clearly, these guides should riot diminish the 
available cross-section for coolant airflow to a 

10 significant extent. 

The distal sealing end 21 of the gate member 14 may be 
made from a relatively compliant material at low 
temperatures. Thus, despite the nature of the bulk of the 
material from which the gate member 14 is formed, a good 

15 seal will be provided by the distal sealing end 21 in order 
to prevent coolant airflow until the differential expansion 
between the gate component 12 and the gate member 14 at the 
desired temperature or for an appropriate time period at 
that temperature so as to cause the necessary divergence to 

20 open the opening end 15. Where the distal sealing end 21 of 
the gate member 14 is compliant, care will be taken with 
regard to use of resistive torque as described previously in 
respect of a screw mounting of the gate member 14 in terms 
of determining the displacement bias before relative 

2 5 thermal expansion opens the opening end 15 of the gate 

component 12. The compliant nature to the distal sealinq end 
21 of the gate member 14 may be provided by the nature of 
the material, i.e. its elasticity/plasticity or by use of a 
mechanical assembly such as a seal plate held upon a 

3 0 mechanical or hydraulic spring. 

As an alternative to providing that a gate member is 
in compression against the under side of the opening end of 
the gate component it is possible to provide a configuration 
of the gate arrangement in which the gate member is in 
tension. Thus, a stem of the gate member will extend 
through the opening end of the gate component with a 
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"top hat" or "mushroom" section of the gate member then 
extending radially from the stem. In such circumstances, when 
cold the top hat or mushroom extension would engage 
the opening end in orderto prevent coolant airflow whilst 

5 through a differential inthermal expansion due to a higher 
coefficient of expansion for the gate member compared to 
the gate component the stem would extend quicker than the 
expansion of the gatecomponent such that the top hat or 
mushroom portion woulddiverge or lift off from the open 

10 end in order to allow coolant airflow through the opening 
end as described previously. 

Where desired a labyrinthine association between the 
opening end of the gate component and the gate member could 
be formed. Thus, coolant airflow would be prevented when 
cool due to the labyrinthine seal of the gate member in 
compression or tension against associated levels in the 
open end of the gate component. Once at the selected 

temperature, a differential thermal expansion between the 
gate member and the gate component would then open the 
labyrinthine seal such that airflow would pass but be 
regulated by the effective baffles created by the 
interleaving plates of the labyrinthine seal which 
previously where held in compression or tension engagement. 

In a typical embodiment of the present invention as 
illustrated in Fig. 2 the gate member 14 is a relatively 
low expansion part in comparison with the gate component 
12. This low expansion is facilitated by the nature of the 
material and possibly by presentation of the gate member 14 
as a hollow tube with a sealed end 21 for engagement with 
the opening end 15 of the gate component 12. Essentially, 
the gate member 14 will be screwed into compressive 
engagement through the distal sealing end 21 until the 
resistive torque is of a pre-described value. This creates 
an essential displacement bias or expansion lag before the 35 
opening end 15 opens to allow coolant airflow. In short, 
as temperature increases, the gate member 14 expands less 
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than the gate component 12 such that some cooling air enters 
the bore 17 or chamber for circulation from wemt (arrowhead 
16) to output (arrowhead 19). This coo I .ir e !. airflow will 
cool the gate arrangement 11 and associal »;.:f 
5 turbine blade. The rate of coolant airflow is deprandeiiL 
upon the temperature of the coolant air as this will 
inhibit further expansion of the gate member and also 
external boundary temperature and conditions which will 
initially act upon the gate component 12 before the gate 
10 member 14. As described previously as temperature increases 
then current airflow also increases^ By varying the 
resistance torque and so the displacement or divergence bias 
for the gate member 14 the degree of cooling to occur at 
different engine conditions can be tuned to a desired 
15 level. 

By ensuring that there is a relatively large cross- 
section for the opening end 15 quite small differential 
movements due to the different expansion rates of the gate 
component 12 to the gate member 14 can be operationally 
20 acceptable. Typically, the opening end 15 will have a cross 
sectional area of 7 to 10 square millimetres such that a 
relative divergence of up to 1mm is sufficient to open the 
gate arrangement 11 for coolant airflow. 

By providing shaping between the distal sealing end 21 and 
the opening end 15 a degree of "bedding" for good 
sealing can be provided. 

The present invention utilises the differential and 
thermal expansion of the gate component 12 in comparison 
with the gate member 14 both as a result of the nature of 
the material and the external boundary temperature 
presentation whereby the gate component 14 is heated 
through the gate component 12 such that there is a 
difference in the specific rates of thermal expansion in 
order to at least open the open end 15 to coolant airflow 
for a period of time. Thus, in situations such as aircraft 
takeoff where an engine will be at high temperature for a 
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nominally expected period of time rather than permanently 
the time delay for the gate member 14 to "catch up" in 
expansion with the gate component 12 provides a time window 
during which coolant airflow is allowed whilst when 

5 temperature is reduced the gate member 14 can again catch up 
or return to its sealing engagement with the opening end 15 
in order to prevent coolant airflow such that there is no 
unnecessary cooling of the gate arrangement 11 and therefore 
its associated turbine blade leading to less 

10 efficient operation. 

As there are no mechanical components to the present 
gate arrangement its reliability is high with low 
maintenance. Furthermore, there are no requirements for high 
manufacturing tolerances such that installation is 

15 cheap. The present gate arrangement allows coolant airflow 
when needed, i.e. at high temperature for periods of time but 
reduces coolant airflow when not necessary during normal long 
term operation. 

Although described with regard to a turbine blade, it 20 
will be appreciated that the invention could also be used 
for cooling and regulating the temperature of other turbine 
components such as vanes and segments. 

Whilst endeavouring in the foregoing specification to 
draw attention to those features of the invention believed 

25 to be of particular importance it should be understood that 
the Applicant claims protection in respect of any patentable 
feature or combination of features hereinbefore referred to 
and/or shown in the drawings whether or not particular 
emphasis has been placed thereon. 


